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SPECTROPHOTOMETRIC DETERMINATION OF TITANIUM I N  
FERRO -NIO BIUM WITH DI ANT I PY RY LMETHANE 

R .  Kajiyama and K .  Yamaguchi 

ABSTRACT: 
ferro-niobium was determined with diantipyrylmethane a s  a 
co lor imet r ic  reagent .  With t h i s  reagent ,  however, niobium 
seve ra l  hundred t imes as much as t i tanium d id  not  i n t e r f e r e ,  
provided t h a t  niobium had been previously converted t o  i t s  
oxa la te .  A sample was fused with potassium pyrosul fa te ,  and 
d iges ted  i n t o  a s u l f u r i c  ac id  so lu t ion  containing ammonium 
oxala te .  An appropr ia te  a l iquot  was taken ou t ,  and i r o n  
was reduced by adding ascorb ic  ac id .  Eight m l  of hydro- 
c h l o r i c  ac id  (1+1) and 20 m l  of t h e  1% reagent  so lu t ion  were 
added, and t h e  whole volume was made up t o  50 m l  with water.  
The amount of t i t an ium was obtained by t h e  measurement of ab- 
sorbency a t  385 mp a f t e r  45 minutes. 

From 0.02 t o  0.60% of t i t an ium as an impurity i n  

1. In t roduct ion  

agent f o r  t i t an ium [l-51 has few i n t e r f e r i n g  elements. 
it, such as determinations i n  s t rong  acids ,  a r e  easy, and i t s  s e n s i t i v i t y  of de- 
t e c t i o n  i s  high, s o  it is used f o r  determining t i t an ium i n  i r o n  and o ther  metals .  
The authors  used t h i s  agent t o  determine the amount of t i t an ium i n  s t e e l  and, as 
a r e s u l t ,  discovered t h a t  it was use fu l  i n  determining t h e  amount of t i t an ium in -  
cluded as an impurity i n  ferro-niobium. Since t h e  a n a l y t i c a l  chemical p rope r t i e s  
of t i t an ium and niobium a r e  s i m i l a r  t o  each o ther ,  t h e  determination of t i t an ium 
i n  niobium i s  d i f f i c u l t ,  and it i s  known t h a t  even when using spectrophotometric 
methods, hydrogen peroxide,  pyrogal lo l ,  hydroquinone, thyron,  e t c .  i n t e r f e r e  with 
each o the r .  However, i f  t h e  niobium is converted t o  i t s  oxa la t e  and d i an t ipy ry l -  
methane i s  used, t h e  ana lys i s  is easy t o  perform even i f  s eve ra l  hundred t imes more 
t i t an ium i s  present ,  and an accura te  determination can be made. The authors  inves- 
t i g a t e d  t h e  bas i c  condi t ions f o r  ferro-niobium ana lys i s ,  e s t ab l i shed  an a n a l y t i c a l  
procedure and obtained good r e s u l t s  i n  the  ana lys i s  of severa l  types of samples, 
which are repor ted  he re .  

2 .  Reagents and Equipment 

Diantipyrylmethane, which r ecen t ly  has come t o  be employed a s  a co lor imet r ic  /= 
Analy t ica l  operat ions with 

2 . 1  Reagents 

/go9 - Diantipyrylmethane so lu t ion :  l o g  of diantipyrylmethane was dissolved i n  
30Oml of s u l f u r i c  ac id  (1+20), d i l u t e d  i n  1 R  of water and s to red  i n  a brown b o t t l e .  

Standard t i t an ium so lu t ion  (20 pg/ml): 0.167 of t i t an ium oxide was weighed 
i n  a platinum c ruc ib l e ,  5g of potassium pyrosulfate  was added and fused with t h e  
t i t an ium oxide.  This was then d iges ted  i n  s u l f u r i c  ac id  (1+9) t o  the  amount 
of one l i t e r  and used as a s tock so lu t ion .  A f ixed  amount of t h i s  so lu t ion  
was d i s so lved  i n  5 times t h e  amount of water t o  form a s tandard so lu t ion .  

*Numbers i n  t h e  margin i n d i c a t e  pagination i n  the  fo re ign  t e x t .  
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Niobium so lu t ion  (3mg/ml): Niobium pentoxide was fused with potassium 
pyrosul fa te  and dissolved i n  a (2%) ammonium oxala te  s o l u t i o n .  

Tantalum so lu t ion  (lmg/ml): Tantalum pentoxide was fused with potassium 
pyrosul fa te  and dissolved i n  a 3% solu t ion  of ammonium oxa la t e  containing 
l O m l  of s u l f u r i c  ac id  (1+1) making one l i t e r  of so lu t ion .  

Ascorbic ac id  so lu t ion  (lOw/v%): T h i s  so lu t ion  was prepared when necessary.  

2.2. Equipment 

Photometer: Shimazu-Bousch Lomb d i f f r a c t i o n  g r i d  type  photometer, 
spec t ron ic  20, c e l l  10.6 mm i n  diameter. 

3. Tests 

3.1. Tes t  Procedure and Absorption Curves 

zrn: ,c uL a b a l i u a A u  ,.+“-An*A titnnilma s d ~ t i ~ ~ ?  (60 s g  t i t z ~ i ~ ~ ~ !  Was p l a ~ ~ d  in a 50 ml 
measuring f l a s k ,  8 m l  of hydrochloric acid ( l + l ) ,  5 m l  of ascorb ic  ac id  and 2Oml 
of  diant ipyrylmethyl  were added, d i lu t ed  i n  water u n t i l  50 m l  of so lu t ion  was 
obtained,  and absorbency was measured a f t e r  45 minutes. 
of t h e  tit8nium-diantipyrylmethane complex obtained by t h i s  operat ion a r e  shown 
i n  Figure 1. 

The absorption curves 

The maximum absorpt ion occured i n  t h e  v i c i n i t y  of 385mp. 

Wavelength, mp 

F i g .  1 
Absorption Spectrum o f  Titanium- 

Diantipyrylmethane Complex 

F i g .  2 
O p t i m u m  Amount of-Djantipyrylmethane 

Solution ( 1 % )  

+- Ti-dilntipyrylmcthallc complc%, 
-%- Rcagcnr blank 
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3 .2 .  Amount of Diantipyrylmethyl, Added 
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I n  accordance with the  procedure i n  3.1,  a s tudy was made of t h e  amount of 
reagent so lu t ion  added f o r  50 ug and 100 pg of t i t an ium.  The r e s u l t s  a r e  shown 
i n  Figure 2 .  A s  t h e  amount of reagent increased, t h e  absorp t ion  had a tendency 
t o  increase  s l i g h t l y ,  becoming f ixed  above 15 m l .  
keeping t h e  amount of t i t an ium i n  mind. 

We decided t o  u s e  20m1, 
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3.3. Ef fec t  of Acid Concentration 

Generally a hydrochloric ac id  reagent i s  used, but when a c t u a l l y  t r e a t i n g  
ferro-niobium, t h e  use of s u l f u r i c  acid cannot be  avoided, so we inves t iga t ed  
t h e  e f f e c t s  of concentrat ions of t hese  acids on co lo ra t ion .  
procedure i n  3.1, i n  order  t o  s tudy concentrations of hydrochlor ic  ac id ,  w e  
measured t h e  absorbency by varying only t h e  ac id  concentrat ion.  
s tud ied  concentrat ions of s u l f u r i c  ac id ,  s e t t i n g  the  hydrochlor ic  ac id  concen- 
t r a t i o n  a t  l N ,  t r e a t i n g  it by adding s u l f u r i c  ac id ,  and measuring t h e  absorbency. 
Resul ts  a r e  shown i n  Figure 3. 
low 1 . 5 N ,  when s u l f u r i c  acid is added t o  an Xi cuiicentration of E:, EO varlat izx 
i n  absorbency occurred up t o  t h e  addi t ion of  1.5N s u l f u r i c  ac id .  

That i s ,  using t h e  /910 

S imi la r ly  we 

In  t h e  case of hydrochlor ic  ac id  alone,  when be- 

. . ~  .~ 

. . .  ._ . -. , 

. . .  . . - .  . _  , .. 

. .  . 

c 
I 1 
1 2 3 0.1 

Acid concentration, h' 

F i g .  3 
Effec t  of A c i d  Concentration 

T i e ,  min 

F i g .  4 
Effect o f  'Standing Time 

T i  60 pg/50 m l  
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3.4. S t a b i l i t y  of Colorat ion 

A considerable  amount of time is required u n t i l  t h e  co lora t ion  of t h e  com- 
p lex  reached peak co lora t ion  after adding the reagent ,  while on t h e  o the r  hand, 
t h e  co lora t ion  i s  considered t o  be very s t a b l e .  
t h e  time required f o r  maximum co lo ra t ion  a f t e r  adding reagent  i n  accordance 
with t h e  procedure i n  3.1 a r e  shown i n  Figure 4. 
30 minutes. 

The r e s u l t s  of i nves t iga t ing  

I t  became s t a b l e  a f t e r  about 

3.5.  App l i cab i l i t y  t o  Ferro-Niobium and Ef fec t s  of Coexisting Elements. 

We considered t h e  app l i ca t ion  of our procedure t o  ferro-niobium on t h e  
The methods of decomposition of t h e  sample b a s i s  of t h e  above bas i c  t e s t s .  

include ac id  decomposition and fusion,  and depending upon t h e  var ious  types of 
reagents ,  each has i t s  own advantages and disadvantages.  
use  t h e  potassium pyrosul fa te  fus ion  method. 
v i o l e n t  and f requent ly  "boi ls  over," s o  it is necessary t o  make s u r e  t h a t  r ap id  
hea t ing  does not  occur.  

Here we decided t o  
I n  t h i s  method, t h e  r e a c t i o n  i s  

However, decomposition t akes  p lace  r a t h e r  e a s i l y .  

Niobium p r e c i p i t a t e s  very e a s i l y ,  so i n  order  t o  make an aqueous so lu t ion ,  
we decided t o  d i g e s t  it i n  l O O m l  of  a 2% s o l u t i o n  of ammonium oxala te  containing 
5ml of s u l f u r i c  ac id  ( l + l ) .  
niobium and can t r e a t  0.2-0.5 g of sample. 

By doing t h i s ,  we avoid the  p r e c i p i t a t i o n  of 

I n  add i t ion  t o  t h e  t i tanium i n  t h e  so lu t ion  being t r e a t e d  i n  t h i s  manner, 
t h e r e  are impur i t ies  i n  t h e  niobium, tantalum, and i ron ,  namely, aluminum, 
manganese and t i n ,  so we inves t iga ted  the  e f f e c t s  caused by these  elements. 

3 .5 .1  Niobium, Tantalum. 

Commercial ferroniobium conta ins  60% niobium, and tantalum i n  t h e  amount 
of 10% of t h e  amount of niobium. We placed 50ml of t h e  niobium o r  tantalum 
s o l u t i o n  prepared i n  accordance w i t h  2 .1  i n t o  a measuring f lask ,  t r e a t e d  it 
i n  accordance with t h e  procedure i n  3.1, and inves t iga t ed . the  e f f e c t s .  The 
r e s u l t s  are shown i n  Figure 5 where it can be seen t h a t  t h e r e  was no e f f e c t  up 
t o  36mg of  niobium and lOmg tantalum. Also, t he re  was no inf luence  within t h e  
range of 0 . 1  t o  0.5% f o r  t h e  oxa l i c  acid concentrat ion.  

I n  order  t o  prevent t h e  hydrolysisof  niobium, t h e r e  a r e  general  methods 
being employed which use,  i n  add i t ion  t o  m a l i c  ac id ,  sa l ts  of t a r t a r i c ,  and 
c i t r i c  a c i d  [10,11];we a l s o  s tudied  t h e  e f f ec t s  of t h e s e  sal ts .  That is ,  we 
fused 0.2g of niobium pentoxide w i t h  potassium pyrosul fa te ,  and d iges ted  these  
r e s p e c t i v e l y  i n  loom1 of t a r t a r i c  or  c i t r i c  ac id  (each 2.5%). Then we added 
l O m l  each t o  a 50ml measuring f l a s k ,  appropriately added t a r t a r i c  o r  c i t r i c  
ac id  and prepared t h e  cor rec t  amount. Then we measured t h e  absorbency by 
t rea tment  according t o  t h e  procedure i n  3.1.  The amount of niobium i n  t h e  
s o l u t i o n  being s tudied  was 40mg, which is approximately the  same amount a s  
t h e  niobium and tantalum obtained when t r e a t i n g  0.2g of ferroniobium i n  ac- 
cordance wi th  t h e  a n a l y t i c a l  procedure described i n  4 . 1  below. 

The r e s u l t s  of t h e  t e s t s ,  a s  shown i n  Table 1, show t h a t  i n  t h e  case of 
both t a r t a r i c  and c i t r i c  ac ids ,  when the  amount of add i t ive  i s  small, high 
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_ j -  t h e  e f f e c t s  of niobium, o r  t h e  long 
t i m e  requi red  f o r  t h e  co lo ra t ion  of 
t i t an ium,  t h e  most e f f e c t i v e  method ,.- n 

s a  I * was t o  use  a s a l t  of o x a l i c  acid.  

3 .5 .2 .  I ron .  
. .  

I t  i s  poss ib l e  t o  e l imina te  t h e  
inf luence  o f  i r o n  by reduct ion  t o  a 
valence of  I1 using ascorb ic  ac id .  
Using t h e  procedure i n  3.1,  i r o n  was 
added, and we s tudied  t h e  r e l a t i o n s h i p  

.' I 
1 
I 

5 10 ma) between t h e  ascorb ic  ac id  used f o r  

Fig.  6 
E f f e c t  o f  I r o n  w i t h  5 m l  o f  Ascorbic 
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Table I 

EFFECT OF MASKING REAGENT FOR N I O B I U M  

I I 

-~ - 

Reagent 30min 45mtn 6 0 m m  Wmin I2Qmin 

(TI onl)) 0.355 0 3% 0.356 0.356 0 357 
Oxalate 0.4 0.350 0.355 0.355 0 355 0.360 
Tartratc 0.5 0.750 0.750 0.754 0.750 0.750 
a 1.0 0.565 0.575 0.580 0.580 0.580 
" 1.5 0.490 0.500 0.510 0.510 0.510 
I 2.0 0.465 0.478 0 4882 0 485 0.485 
U 3.0 0.395 0.415 0.425 0 433 0.430 
0. 5.0 0.320 0.340 0.354 0.360 0.360 

Citrate 0.5 0.370 0.370 0.370 0.372 0.372 
I 1.0 0.355 0.365 0.365 0.370 0.371 
U 1.5  0.348 0.360 0.360 0.368 0.368 
d 2.0 0.338 0.355 0.357 0.370 0.370 
c 3.0 0.318 0.340 0.345 0.360 0.562 
U 5.0 0.280 0.310 0.322 0.345 0.350 

- L __- 

'Ti bo p g / 5 0  ml 

A c i d  S o l u t i o n  (10%) 

T i  60 pg/50 m l  
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4 .  Analyt ic  Procedure and Results 
o f  Ana 1 vs  i s 

(Ti onl)) (60 P S I  0.355 
sn 2.5 0.350 
AI . 5 0.357 

2.5 0.355 hfn 
w .  I 0.355 

4.1 Analyt ic  Procedure 

w a r m  water conta in ing  2 grams of  am- 
monium c i t r a t e  and 5ml of s u l f u r i c  
ac id  ( l + l ) ,  and then  d i l u t e d  t h i s  t o  
an amount of  l O O m l  us ing  a measuring 
f l a s k .  Then we added l O m l  t o  a 50ml 

. .  > . .. 
: . .c . ' .  . . . 

S 
Q) n 
0 
n a 

I 

m 

.- 0.7- _ -  I 

0.6 - 

0.5 - 

0.4 - 

20 40 60 80 100 120 

Ti, pg/50ml 

F i g .  7 
Analyt ical  Curve 

4 .2  Construct ion of Analy t ica l  /912 
Curve 

Zero t o  6 m l  of t i t an ium standard 
s o l u t i o n  ( t i t an ium 0-120 pg) were 
added t o  a 50ml measuring f l a s k ,  
t r e a t e d  according t o  t h e  procedure 
i n  3 . 1  and a n a l y t i c a l  curves were 
constructed by f ind ing  t h e  curves 
o f  t h e  r e l a t i o n s h i p  between t h e  
amount of t i t an ium and t h e  absor- 
bency. 
i n  Figure 7 .  
t i o n  c o e f f i c i e n t  was 1.36 x l o 4 .  

One example of t h i s  i s  shown 
The molecule absorp- 

4 .3  Resul ts  of Analysis 

The r e s u l t s  of ana lys i s  of 
s eve ra l  samples according t o  the  
procedure f o r  a n a l y s i s  i n  4 .1  are 
shown i n  Table 111. 

* T r a n s l a t o r s  no te  -- apparent ly  one l i n e  o f  t e x t  i s  missing. 
6 



T a b l e  I I I  
ANALYTICAL RESULTS OF TITANIUM I N  FERRO-NIOBIUM 

, sun le taken - ,? . P B  ) 
sMple Reaulu ($) 

A ' 0.037 0.037 0.035 0.5 
B 0.015 0.020 0 . ~ 2  I 

C 0.61 0.39 0.59 0.2 
D 0.37 0.37 0.36 a 
E 0.5.5 0.53 0.55 I 

(Read a t  t h e  15th annual conference i n  October 1966.) 
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